carbon recovery system by transforming 2-phosphoglycolate into 3-phosphoglycerate, 109 that goes back to the Calvin cycle (Maurino and Peterhansel, 2010) . Photorespiration 110 also generates a high flux of ammonium that, at least in C3 plants, can be 10 times 111 higher than the originated from nitrate reduction (Hirel et al., 2007 ). This ammonium is 112 then reassimilated by the plastidic isoform of glutamine synthetase (GS 2 ). (Kozaki and Takeba, 1996; Hoshida et al., 2000; Maurino and Peterhansel, 118 2010). Photorespiration is also needed in order to produce metabolites for other 119 pathways such as serine and glycine, with the latter that also serves as substrate for 120 glutathione biosynthesis (Wingler et al., 2000) . On the other hand, impairment of the 121 photorespiratory cycle leads to increased photoinhibition of photosystem II through 122 inhibition of the synthesis of the D1 protein (Takahashi et al., 2007) . 123 Several of the steps of the photorespiratory pathway that were first defined through 124 classical biochemical experiments were later confirmed by the isolation of 125 photorespiratory mutants (Keys and Leegood, 2002) . A mutant screening that was first 126 devised to isolate photorespiratory mutants from Arabidopsis was based on the fact that environmental stimuli and if they may be regulated in a coordinate way (Foyer et al., 153 2009). 154 In our laboratory, the first photorespiratory mutants of legumes were isolated from 155 the model legume Lotus japonicus (Orea et al., 2002; Márquez, 2005; Márquez et al., 156 2005). These mutants, deficient in plastidic GS 2 , were further characterised at the 157 molecular level (Betti et al., 2006) as well as nodule function 158 2012). Under CO 2-enriched atmosphere, the mutants did not show any visible phenotype 159 and only a slightly lower growth rate (Orea et al., 2002) . However, the mutants 160 accumulated high levels of ammonium when transferred from CO 2 -enriched to normal 161 CO 2 atmosphere and showed severe stress symptoms when grown for long periods of 162 time under these conditions. One of the mutants, named Ljgln2-2, was affected in its 163 ability to recover after drought stress and presented a distinctive transcriptional response 164 to water deprivation, demonstrating a novel link between plastidic GS 2 and drought- 165 induced proline accumulation (Díaz et al., 2010) . In this work, we carried out a Previous studies showed that photorespiratory mutants of L. japonicus that are 182 deficient in plastidic GS 2 accumulated ammonium at least during the first 24 hours after 183 exposure to normal CO 2 atmosphere (Orea et al., 2002) . We aimed now to study the 184 time-course process of ammonium accumulation and to address the effect of an 185 impaired photorespiratory cycle on an extended time-scale. WT plants and the plastidic 186 GS 2 mutant Ljgln2-2 were grown under high CO 2 atmosphere (where photorespiration 187 is very low) and then transferred to normal CO 2 atmosphere (normal photorespiration) 188 for different periods of time up to 10 days. Free ammonium levels were determined in 189 the sampled leaf tissue (Fig. 1 than two-fold after the transfer to normal CO 2 conditions (Fig. 2, Supplemental Fig. S1 ).
215
The coordinate repression and the similar trend in transcript levels observed for most 216 photorespiratory genes in the mutant indicated that L. japonicus photorespiratory genes 217 could be regulated in a common way. This is, to our knowledge, the first direct 218 experimental evidence for a coordinate regulation of photorespiratory genes over time.
219
For reason of space, the complete time course of transcript levels is presented in Fig. 2 220 for 6 of the 23 genes analyzed. However, the common transcriptional trend of the 221 photorespiratory genes in the mutant is also evident when considering two time points: 222 2 days, where transcription is often minimal, and 8 days where the transcript levels 223 show a slight recuperation. Significant differences in transcript levels between the two 224 genotypes at these two key time points are highlighted in bold in Table S1 ). qRT-PCR analysis of selected genes encoding for 377 different histone proteins and cyclins confirmed the down-regulation depicted by the 378 microarray study (Supplemental Table S2 ).
379
The transcription of photorespiratory genes was almost unaffected in the WT by the The majority of the modulated probesets (almost 6000) corresponded to genes that 445 changed specifically in Ljgln2-2 mutant plants as consequence of the transfer from high 446 CO 2 to normal CO 2 conditions. Since this group of genes is elicited specifically in the 447 absence of plastidic GS 2 , it can be inferred that they are truly responding to the presence Finally, four metabolites (Uric acid (4TMS), A182009, A180002 and A281001) were 523 ruled out from our statistical analysis because their levels were below the detection limit 524 in most WT samples, but in Ljgln2-2 they displayed a high peak at days 3-4 after 525 transfer to normal CO 2 atmosphere (Supplemental Table S4 ).
526
The first two groups suggest the existence of metabolic pathways which were 527 secondarily elicited as a result of the metabolic toxicity due to the lack of a complete 528 photorespiratory cycle, or in which the plastidic GS 2 is directly required for 529 physiological acclimation to: (i) the changes induced by active photorespiration, (ii) the 530 detoxification of ammonium, or (iii) changes in carbon level due to the transition from 531 high CO 2 atmosphere to normal CO 2 . The increase of various amino acids (Leu, Val, 532 Ile, Trp, Phe, Lys, Gly) found exclusively in the mutant suggests that nitrogen 533 metabolism was not a limiting factor for the mutant fitness but rather a means to 534 ammonium detoxification. In line with this idea, the levels of these amino acids 535 paralleled the peak of ammonium at day 3. Curiously, glutamine showed a distinctive 536 pattern as it remained increased until day 10 in the mutant (Fig. 6, group b) . This 537 demonstrates that the Ljgln2-2 mutant is able to produce high levels of glutamine, even 538 in the absence of plastidic GS 2 , which is the most abundant GS isoform in L. japonicus 539 leaves (Orea et al., 2002; Betti et al., 2006 paralleled by an increase in GS enzyme activity in Ljgln2-2 mutant plants, which was 553 not observed in WT plants (Fig. 7) . This induction of a cytosolic GS 1 isoform may 554 explain the increase of the glutamine pool observed in the mutant. Moreover, the 555 increased GS 1 activity may also be involved in the reduction of the ammonium levels 556 after the maximum attained at day 3 (Fig. 1) . CO 2 conditions. Despite of this common trend, proline levels were higher in the mutant 576 than in the WT at all the experimental time points considered. This is surprising since it 577 was previously described that the Ljgln2-2 mutant accumulated lower amounts of Table S2 ). Taking this into consideration, it seems unlikely that the Ammonia determination was carried out according to the method of Solorzano (1969) 726 with some modifications as described by Orea et al. (2002) . Glycolate oxidase activity was determined according to Hall et al. (1985) with some 
791
For the metabolomic analysis, each metabolic-feature was normalized to the median 792 within each experiment and genotype, and log 10 -transformed prior to statistical analysis.
793
Statistical differences were assessed with two-way ANOVA at P < 0.001 using the • Supplemental Figure S3 . Expression of genes encoding for some components of 815 the photosynthetic apparatus.
816
• Supplemental Figure S4 . Validation of microarray data by qRT-PCR.
817
• Supplemental Figure S5 . Genebins analysis of over-represented BINs.
818
• Supplemental Figure S6 . MapMan metabolism overview of probesets elicited by 819 the transfer from high CO 2 to normal CO 2 conditions. 820
• Supplemental Figure S7 . Pathexpress analysis of over-represented pathways.
821
• Supplemental Figure S8 . MapMan metabolism overview of genes for starch and 822 sucrose metabolism.
823
• Supplemental Figure S9 . MapMan overview of photosynthetic and 824 photorespiratory genes in Ljgln2-2.
825
• Supplemental Figure S10 . Experimental design used in this work.
826
• Supplemental Table S1 . List of all the probesets modulated by the transfer from 827 high CO 2 to normal CO 2 conditions in WT and Ljgln2-2 plants.
828
• Supplemental Table S2 . Expression levels of genes of particular interest.
829
• Supplemental Table S3 . List of genes belonging to pathways defined as over- The transcript levels for WT and Ljgln2-2 mutants at time 0 (high CO 2 ) and after 2 and . For comparative purposes, the transcript levels measured in the WT plants under high CO 2 conditions (time 0) were taken as 1. The expression profile of the following genes is presented: RUBISCO small subunit (LjRbc_s1, probeset chr2.TM1655.9); the H subunit of glycine decarboxylase (LjGDCH1, probeset Ljwgs_010991.0.1); serine:glyoxylate aminotransferase (LjSGAT2, probeset Ljwgs_079709.1); hydroxypyruvate reductase (LjHPR, probeset Ljwgs_011418.2); glycolate oxidase (LjGO1, probeset Ljwgs_013523.1) and the plastidic isoform of glutamine synthetase (LjGln2, probesets gi18266052 and TM1765.11). Data for all the measured genes are available online (Supporting Information Fig. S1 ). Data are the mean ± S.D. of three independent biological replicates. . Hierarchical clustering analysis of qRT-PCR data for photorespiratory and photosynthetic genes. Transcript levels were determined at the indicated time periods after the transfer of WT and mutant plants from high CO 2 (time zero) to normal CO 2 conditions for the indicated periods of time. The transcript levels of WT plants under high CO 2 conditions were taken as 1, and the difference between the log 2 of relative expression levels of Ljgln2-2 and WT is presented. The genes considered were: glycerate kinase (LjGlyK1 and LjGlyK2); glycolate oxidase (LjGO1 and LjGO2); serine hydroxymethyltransferase (LjSHM1 and LjSHM2); plastidic dicarboxylate transporter (LjDiT1 and LjDiT2.1); photosystem II reaction centre protein G (LjPsb_G); ferredoxin-dependent GOGAT (LjGlu1); serine:glyoxylate aminotransferase (LjSGAT1 and LjSGAT2); glycine decarboxylase P subunit (LjGDCP1 and LjGDCP2); plastidic glutamine synthetase (LjGln2); photosystem I P subunit (LjPsa_P1 and LjPsa_P2); sedoheptulose 1,7 bisphosphatase (LjSedoh1.7); hydroxypyruvate reductase (LjHPR); glycine decarboxylase T subunit (LjGDCT); rubisco small subunit (LjRbc_s1 and LjRbc_s2); photosystem I reaction centre subunit N (LjPsa_N); phosphoglycolate phosphatase (LjPglP1 and LjPglP2); glycine decarboxylase H subunit (LjGDCH1 and LjGDCH2); cytochrome b6f complex subunit (LjPet_M); photosystem II protein D1 (LjPsb_a) and the gene for the RUBISCO large subunit (LjRbc_l). Significantly modulated genes were identified by comparing the log 2 of the mean of expression levels at 2 days and time zero and applying a false discovery rate (FDR) of < 0.05. The expression levels at time zero in the WT or in the mutant were used as a control for the WT and the mutant respectively. (B) Comparison of the log 2 of fold change value for the genes significantly elicited in both genotypes that changed in the same direction. A linear regression analysis was carried out (r 2 = 0.80, m = 1.39). The relative expression levels of the LjGln1.2 gene encoding for a cytosolic GS isoform were determined by qRT-PCR in leaves of WT (black dots, solid line) and Ljgln2-2 (white dots, dashed line). Plants were grown under high CO 2 for 35 days and transferred for the indicated periods of time to normal CO 2 atmosphere. Transcript levels are reported as relative units (r.u.). For comparative purposes, the transcript levels measured in the WT plants before the transfer to normal CO 2 conditions (time 0) were taken as 1. (B) The GS specific activity was determined in crude extracts from leaves of WT (black dots, solid line) and Ljgln2-2 (white dots, dashed line) at the same time points as in (A). Total GS activity is reported as relative units (r.u.). For comparative purposes, the specific GS activity at time zero in WT or in mutant leaves was taken as 1 for WT and mutant respectively. Total GS activity at time zero was 591 and 85 mU/mg protein in WT and mutant leaves respectively. Data are the mean ± S.D. of three independent biological replicates. 
